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1
FLEXIBLE SEAT HEATER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of U.S. appli-
cation Ser. No. 10/243,578 filed Sep. 13, 2002 now U.S. Pat.

No. 6,884,965, entitled “FLEXIBLE HEATER DEVICE”,
which 1s a continuation-in-part of U.S. application Ser. No.
09/889,843 filed Jul. 22, 2002 now U.S. Pat. No. 7,053,344,
entitled “SELF-REGULATING FLEXIBLE HEATER”,
which 1s a 371 of PCT/US00/01702 filed Jan. 24, 2000,

which claims priority from U.S. provisional application Ser.
0. 60/117,144, filed on Jan. 25, 1999. The disclosures of

these prior applications are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to heating systems suitable
for use 1 automobile components, but which may also be
used 1n other applications. In particular, this nvention
relates to a heating device with a dielectric substrate having
a conductor material and a resistive layer screen printed
thereon that 1s particularly usetul for flexible applications,
such as heating automobiles seats.

BACKGROUND OF THE INVENTION

Heating devices with temperature regulating properties
are used 1n the automotive industry. Some automotive appli-
cations, such as seltf-regulating heaters for external mirrors,
do not require flexibility. Such heaters can be found 1n U.S.
Pat. No. 4,931,627 and U.S. Pat. No. 4,857,711, both
commonly owned with the present application.

Self-regulating heaters of the type described are con-
structed on a polyester substrate that does not allow stretch
and has only limited flexibility. These product characteristics
allow screen-printed heaters and conductor traces to func-
tion properly in many applications. When used in non-
flexing applications, such as mirror heaters, stretch and
flexibility are not required. However, it 1s desirable to use
seli-regulating heaters also in applications requiring tlex-
ibility, such as seat heaters in automobiles. In such applica-
tions, stiflness 1s required for durability so that conductor
traces comprising the heater do not stretch and do not pull
apart. However, this same stiflness can make the seat
uncomiortable by limiting the ability of the heater to con-
torm to the user. Further, the stiflness of the polyester base
generates a crinkling noise when the heater 1s flexed. Again,
in applications such as automobile seats, noise from crin-
kling of the heater 1s objectionable. Further, a seat heater
must breathe. Seat coverings are often made of breathable
material or material having small pin holes therein. The
padding or foam used in the seat 1s also provided with holes
for breathing. Breathing 1s necessary to wick away moisture
from occupants remaining in the seat for long periods of
time. Further, some automobile seats are even provided with
ventilation systems, including fans and/or air conditioning,
circuits. Therefore, the heater positioned as a layer near the
upper surface of the seat must also breathe to provide proper
ventilation and comiort to the occupant.

The parent applications of the present application have
provided a flexible heater which has been very satisfactory
when flexibility 1s required, for example, 1n an automotive
application, such as an automotive seat. However, further
refinements are desired to allow the material of the heater to
better flex without any degradation 1n performance, particu-
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larly regarding heating capacity and uniformity of heating.
In particular, it 1s desirable to provide maximum flexibility
together with maximum heater surface areca. Similarly, still
further refinements are desired in providing improved stress
relief, flexibility and ventilation.

SUMMARY OF TH.

INVENTION

(L]

The present mvention provides a self-regulating heater,
particularly useful for automobile seats having advanta-
geously designed holes therethrough that improve tlexibility,
reduce noise from crinkling and provide increased surface
area for heating uniformaity:.

In one aspect thereol, the present invention provides a
heating device for producing heat when connected to an
clectrical power source, with an electrically 1nsulative sub-
strate positioned beneath a flexible member and a plurality
ol apertures through the substrate and the member. At least
some ol the apertures are narrow elongated apertures. A
conductive layer 1s screen printed on the substrate 1n a
pattern forming a buss structure including first and second
busses along opposite sides of the substrate and alternating
traces electrically connected to opposite busses and extend-
ing between the busses. The traces surround the apertures. A
resistive layer 1s applied to the conductive layer such that
when an electrical power source 1s connected to the buss
structure of the heating device, heat 1s generated.

In another aspect thereof, the present invention provides
a heating device for producing heat when connected to an
clectrical power source, with an electrically insulated sub-
strate having a plurality of cross-like apertures extending
therethrough. A conductive layer on the substrate includes
busses extending along opposite edges of the substrate and
traces extending from the busses and surrounding the aper-
tures. A resistive layer 1s against the conductive layer such
that when an electrical power source 1s connected to the buss
structure of the heating device, heat 1s generated.

In still another aspect thereof, the present imnvention pro-
vides a heating device for producing heat when connected to
an electrical power source, with a substrate and a layer of
resistive material. A plurality of cross-like apertures 1s
formed through the substrate and the resistive material. A
layer of conductive material forms a first buss along one
edge of the substrate and the resistive material, a second
buss along an opposite edge of the substrate and the resistive
material, a plurality of first traces extending from the first
buss toward the second buss and a plurality of second traces
extending from the second buss toward the first bus. The first
and second traces surrounding at least some of the apertures
and are arranged alternatingly with each other.

It 1s therefore a feature of the present invention to provide
a heating device, particularly for seat heating applications
for the automotive industry, which provides increased flex-
ibility and fatigue resistance without compromising pertfor-
mance.

It 1s therefore a further feature of the present invention to
provide a heating device, particularly for seat heating appli-
cations for the automotive industry, which maintains 1its
capacity and uniformity of heating through the lifetime of
the product.

It 1s therefore a further feature of the present invention to
provide a heating device, particularly for seat heating appli-
cations for the automotive industry, which maintains 1its
performance after repeated tlexing.

It 1s therefore a still further feature of the present mnven-
tion to provide a heating device, particularly for seat heating
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applications for the automotive industry, which provides
reduced stresses when tlexed or even stretched.

It 1s therefore a still further feature of the present inven-
tion to provide a heating device, particularly for seat heating
applications for the automotive industry, which provides
improved ventilation.

Other features and advantages of the mmvention will
become apparent to those skilled in the art upon review of
the following detailed description, claims and drawings in
which like numerals are used to designate like features.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional schematic view illustrating the
layers 1n a heating device according to the present invention;

FIG. 2 1s a cross-sectional schematic view 1illustrating an
alternative sequence of layers in a heating device according
to the present invention;

FIG. 3 1s a schematic plan view of one embodiment of a
heater 1n accordance with the present mnvention;

FI1G. 4 1s a schematic plan view of the resistive layer 1in the
heater shown in FIG. 3, illustrating the holes therein;

FIG. 5 1s a schematic plan view of the heater shown in
FIG. 3, but illustrating only the resistive layer with circuits
printed thereon and without the holes through the layer
shown 1n FIG. 4;

FIG. 6 1s a schematic view 1llustrating another embodi-
ment of the printed circuit for a heater of the present
invention;

FIG. 7 1s a schematic view of yet another embodiment of
the printed circuit for a heater of the present invention; and

FIG. 8 1s a schematic plan view of another embodiment of
a heater 1n accordance with the present invention.

Before the embodiments of the invention are explained in
detail, 1t 1s to be understood that the invention 1s not limited
in 1ts application to the details of construction and the
arrangements of the components set forth in the following
description or illustrated in the drawings. The invention 1s
capable of other embodiments and of being practiced or
being carried out 1n various ways. Also, 1t 1s understood that
the phraseology and terminology used herein are for the
purpose ol description and should not be regarded as lim-
iting. The use herein of “including”, “comprising” and
variations thereof 1s meant to encompass the items listed
thereafter and equivalents thereof, as well as additional
items and equivalents thereof.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

(L]

Referring now to the drawings 1n detail, FIGS. 3—35 show
the typical outline of a heating device 10 of the present
invention, particularly when used for a heater for an auto-
motive seat or a similar application. Similar applications
include, but are not limited to, off-road vehicles, marine
applications, and the like.

FIG. 1 shows the sequence of layers of a heating device
10 according to one embodiment of the invention. Heating
device 10 1s configured to be placed on a layer of foam
rubber 12 or other cushioning or padding material of the
seat. Heating device 10 of the embodiment illustrated 1n
FIG. 1 includes a resistive or thermistor layer 14, a conduc-
tor layer 16 and an adhesive layer 18. Conductor layer 16,
which includes various busses, conductive traces and the
like such as shown i FIGS. 3-8, can be screen printed
directly onto a substrate 20, 1n which case adhesive layer 18
1s not required, as 1llustrated 1n FIG. 2. Substrate 20 1s made
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of an electrically 1nsulative material, such as a polyester film
such as Mylar, but can be made of any suitable material
according to the principles of the present invention. For
example, substrate 20 can be made of various polymer films
and other dielectric materials. Moreover, substrate 20 1s
configured suihiciently thin to allow heat to pass there-
through, but sufliciently thick to provide the mechanical
properties consistent with the teachings of the present inven-
tion. If conductor layer 16 1s not screen-printed onto sub-
strate 20 (e.g., it can be printed onto thermistor layer 14),
adhesive layer 18 1s generally needed. Adhesive layer 18 1s
made from any number of suitable materials and applied in
any suitable manner known 1n the art. Conductor layer 16 1s
typically made from a conductive metal such as copper,
silver, gold, aluminum, carbon, or graphitic matenals, and
may also be an inherently conductive polymer such as
polyaniline or polypryrrole. However, those skilled 1n the art
will recognize a range of equivalent substitutions of material
upon study of this disclosure. In general, the conductive
material 1s made of very small flakes of material 1n a
polymer matrix. If this material 1s caused to be over
stretched or subjected to repeated stretching causing fatigue,
the conductive layer may actually crack, thereby resulting in
undesirable arching. Therefore, according to the present
invention, substrate 20 1s adapted to protect and prevent
conductor layer 16 from being damaged in applications
where a flexible heater 1s desired.

Resistive or thermistor layer 14 1s applied on to conductor
layer 16. Resistive layer 14 can be a PTC matenial to provide
a seli-regulating heater or can be a fixed resistance element
which require an electronic controller (not shown) to regu-
late the heat level. Resistive layer 14 1s typically a polymer
thick film. The resulting heating device 10 may be placed
between a layer of seating upholstery fabric 22 and the
internal foam rubber 12 of the automotive seat. Heating
device 10 may be laminated with foam to facilitate incor-
poration into a seat. Although not shown, an adhesive layer
and a fabric layer may be positioned between resistive layer
14 and foam material 12. FIG. 2 does, however, illustrate an
adhesive layer 24, by which adhesive layer 24 heating
device 10 can be secured to foam rubber 12 or to the optional
tabric layer (not shown). Adhesive layer 24 can be made of
any suitable material, but a pressure sensitive adhesive 1s
particularly suitable for use in accordance with the prin-
ciples of the present invention. The adhesive and fabric can
be applied 1 any suitable manner, such as by lamination.
The fabric may be advantageously made of a flame retardant
material. The fabric may also advantageously be a noise
1solator, bulk stabilizer, and thermal insulator for the heater
assembly. The density of the fabric may range from 1 to 10
ounces per square yard, but could be of other suitable
densities. The flame retardant material may be based on
halogen/antimony, melamine, phosphorus or 1norganic
flame retardant chemistry.

As a further option, according to one embodiment of the
present 1nvention, a dielectric film (not shown) can be
applied over the conductor layer 16 by heat lamination. The
film (not shown) improves the chemical resistance and
durability of heating device 10. The heating device 10
thereby achieves improved resistance to chemicals such as
plasticizers and solvents that can be found 1in automotive
seats of some manufacturers. The laminate further protects
the surface of the heating device 10 by preventing the silver
and carbon black of the conductors from being removed by
contact and abrasion with the fabric or other seat members.
The adhesive laminate can further help to reduce or elimi-
nate cracking of conductor layer 16, thereby extending the
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life of conductor layer 16 and that of heating device 10. For
instance, polyester film with a polyester adhesive may be
used. However, other types of films such as nylon, polyole-
fine and polyimide can be used, as well as other types of
adhesives such as epoxy and acrylic adhesives, or even types
of adhesive that are pressure sensitive rather than those
requiring heat activation.

Referring now to FIGS. 3, 4 and 5, a first embodiment of
the configuration of conductor layer 16 and resistive layer 14
1s shown. Heating device 10 includes edges 30, 32, 34 and
36, and the exemplary embodiment shown includes four
edges 30, 32, 34 and 36. Those skilled in the art will
understand readily that heating device 10 can be configured
in a variety of shapes and sizes, as required for the appli-
cation to which 1t 1s applied. The embodiment of heating
device 10 shown in FIGS. 3-35 1s merely one suitable
configuration for heating a seat.

Conductor layer 16 1s formed to create a main buss 40 and
a main buss ground 42. Main buss 40 extends along one edge
30 and 1s electrically connected to a lead wire 44. Main buss
ground 42 extends along edge 32 opposite edge 30 and is
clectrically connected to a lead wire 46. Lead wires 44 and
46 clectrically connect busses 40, 42 to an electrical system
in known manner for supplying electric current to heating
device 10. Busses 40, 42 extend from near one remaining
edge 36 of heating device 10 to near the opposite remaining
edge 34.

A plurality of traces 50, 52 extend from busses 40, 42,
respectively, towards the other buss 42, 40, respectively.
Traces 50, 52 alternate with one another and are alternately
connected to busses 40, 42. Thus, 1n the direction from edge
34 towards edge 36, a first trace 52 1s electrically connected
to buss 42 and 1s adjacent a first trace 50 connected to buss
40. The first trace 50 1s adjacent a second one of traces 52,
which 1s also adjacent a second one of traces 50, and so on
from edge 34 to edge 36. Each trace 50 1s connected
clectrically to main buss 40, and each trace 52 1s connected
clectrically to main buss ground 42.

Apertures 60, 62 are provided through all layers of
heating device 10, and include some apertures 60 having
clongated shapes and other apertures 62 being substantially
circular. For purposes of clarity, only some apertures 60, 62
and not all apertures 60, 62 are designated with reference
numerals in the drawings. Circular apertures 62 are provided
for advantages in 1mcorporating heating device 10 1n a seat
construction, as will be described more fully hereinafter.
However, heating device can be provided with all elongated
apertures 60 in accordance with the present invention. In the
exemplary construction shown, elongated apertures 60
include two elongated slots 64, 66 intersecting each other at
right angles, to thereby form an aperture 60 having a
cross-like or T-shaped configuration. The cross-like or
T-shaped configuration promotes flexibility of heating
device 10 1n all directions; however, other elongated slot
configurations also can be used. For example, 1n some
applications and uses of heating device 10, single slots can
be used for elongated apertures 60. Single slot apertures 60
can be arranged 1n differing directions or 1n a single direction
when only limited flexibility 1s required. Further, while slots
64, 66 arc shown bisecting each other; the intersection of
slots 64 and 66 can be other than at the midpoints of each.
Yet further, the intersection of slots 64, 66 need not always
be at right angles, and slots 64, 66 can form an X-like
configuration. Still further, three or more slots can be
arranged to intersect one another at various angles.

Elongated apertures 60 formed as crosses can be nested
close together to provide flexibility for heating device 10.
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However, unlike the use of all circular apertures 62, cross-
shaped apertures 60 provide additional surface area in the
four quadrants surrounding the individual arms of the cross-
like aperture. Thus, one or the other of traces 50, 52 or both
traces 50, 52 can be provided with spurs 70 extending from
one or the other of traces 350, 52 into nearby quadrants
adjacent elongated slots 64, 66 of cross-like elongated
aperture 60. For purposes of clarity, only some spurs 70 and
not all spurs 70 are designated with a reference number in
the drawings. One suitable configuration shown in the
drawings has cross-like apertures 60 arranged 1n rows and
ranks aligned along the axes of elongated slots 64, 66, with
adjacent rows and ranks oflset with respect to each other so
that apertures 60 1n adjacent rows and ranks overlap and are
internested closely.

Elongated apertures 60 provide suflicient opening area in
heating device 10 to provide the desired tlexibility and
ventilation of heating device 10. Further, the substantial
open area reduces noise from crinkling or bending of heating
device 10. Cross-like apertures 60 provide substantially the
same degree of flexibility as would circular apertures of the
same diameter as the length of slots 64, 66. However,
because of the quadrants remaining adjacent slots 64,66,
more surface area 1s available on conductor layer 16 than it
circular apertures are used. Consequently, traces 50, 32 and
spurs 70 can be provided 1n greater overall length by closely
arranging traces 50, 52 and spurs 70 around and between
clongated apertures 60. With traces 50, 52 and spurs 70
provided 1n greater concentration, heating 1s better equalized
along the surface of heating device 10.

To promote flexibility in the areas of heating device 10
covered by busses 40, 42, elongated openings 80 are pro-
vided along the length thereof. For purposes of clarity, only
some openings 80 and not all openings 80 are designated
with reference numerals 1n the drawings. Openings 80
extend through all layers of heating device 10 1n the pre-
ferred exemplary embodiment shown. As with apertures 60,
openings 80 promote flexibility and ventilation.

It 1s common 1n seat constructions to provide stitching of
the various layers one to another. It 1s undesirable any such
that stitching interrupts the continuity of traces 50, 52 or
spurs 70 more than necessary. Thus, FIG. 3 illustrates
slightly enlarged interconnected elongated apertures 90 and
closely spaced circular apertures 62 defimng preferred loca-
tions of stitch lines 92, 94 and 96. Slightly enlarged elon-
gated apertures 90 and circular apertures 62 provide reason-
ably sized target areas through which stitching can occur

with only minimal damage to conductor layer 16 and traces
50, 52 and spurs 70 thereof.

The present invention also works well with vehicle seats
having tie-down channels commonly used 1n automotive
seat construction. FIG. 8 illustrates a construction for a
heating device 100 1n which open areas 102 are provided
adjacent relatively defined heating zones 104, 106 and 108.
Heating device 100 can be folded at areas 102 into tie-down
channels of the seat construction, for installation on the seat
cushion without being sewn in. Through selection of the
s1ze, number and shapes of individual heating zones, full
bolster heating can be provided for seats of various sizes,
shapes and styles.

Providing discrete cutouts as elongated apertures 60 in a
cross-shaped pattern 1s preferred over simple slits formed
through heating device 10. Cross-like apertures 60 can be
tformed with rounded ends, as shown, to provide stress relief
and reduce potential tearing from bending and flexing during
use.
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It should be further recognized that a variety of patterns
can be used for traces 50, 52 and spurs 70 around and near
apertures 60, 62. It 1s generally of advantage to arrange
traces 60, 62 close to the edges of apertures 60, 62. Narrow
and elongated apertures 60 create minimal space between
adjacent traces 50, 52, thereby providing more even heat
distribution than when circular apertures 62 of the same
general size are used exclusively. FIG. 6 illustrates trace
patterns surrounding apertures 60 without spurs 70. FIG. 7
illustrates traces 120 having spurs 122 with branches 124
extending therefrom. For purposes of clarity, only some
spurs 122 and some branches 124 and not all spurs 122 and
branches 124 are designated with reference numbers 1n the
drawings. Those skilled 1n the art will readily recognize that
other configurations for traces, spurs and/or branches can be
used advantageously 1n the present invention.

Variations and modifications of the foregoing are within
the scope of the present invention. It 1s understood that the
invention disclosed and defined herein extends to all alter-
native combinations of two or more of the individual fea-
tures mentioned or evident from the text and/or drawings.
All of these different combinations constitute various alter-
native aspects of the present imnvention. The embodiments
described herein explain the best modes known for practic-
ing the invention and will enable others skilled in the art to
utilize the ivention. The claims are to be construed to
include alternative embodiments to the extent permitted by
the prior art.

Various features of the invention are set forth in the
following claims.

What 1s claimed 1s:

1. A heating device for producing heat when connected to
an electrical power source, comprising;

an electrically isulative substrate positioned beneath a
flexible member:;

a plurality of apertures through said substrate and said
member, at least some of said apertures being narrow
clongated apertures;

a conductive layer on said substrate in a pattern thereby
forming a buss structure including first and second
busses along opposite sides of said substrate, and
alternating traces electrically connected to opposite
said busses and extending between said busses, said
traces surrounding said apertures, wheremn said sub-
strate 1s adapted to limit elongation of said conductive
layer when said substrate 1s subjected to a flexing
action, so as to improve durability of the conductive
layer; and

a resistive layer applied to said conductive layer such that
when an electrical power source 1s connected to said
buss structure of the heating device, heat 1s generated.

2. The heating device of claim 1, wherein said apertures
include intersecting elongated slots.

3. The heating device of claim 2, wherein said intersecting,
slots are substantially normal to each other, thereby forming
cross-shaped apertures.

4. The heating device of claim 2, wherein said intersecting,
slots are mutually bisecting.

5. The heating device of claim 2, wherein said apertures
are aligned 1n rows and ranks along axes of said slots.

6. The heating device of claim 35, wherein adjacent rows
and ranks are oflset with respect to each other and apertures
in adjacent rows and ranks overlap.
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7. The heating device of claim 5, further comprising spurs
from at least some of said traces extending toward the next
adjacent said trace.

8. The heating device of claim 1, including spurs from at
least some of said traces extending toward the next adjacent
said trace.

9. The heating device of claim 1, including elongated
openings through said substrate and said member said

apertures 1ncluding rows of cross-like apertures closely
inter-nested.

10. The heating device of claim 1, said apertures including
enlarged apertures defining stitch zones for stitching said
heating device to a structure.

11. A heating device for producing heat when connected
to an electrical power source, comprising:

an electrically insulated substrate having a plurality of
cross-like apertures extending therethrough;

a conductive layer on said substrate and including busses
extending along opposite edges of said substrate and
traces extending from said busses and surrounding said
apertures; and

a resistive layer against said conductive layer such that
when an electrical power source 1s connected to said
buss structure of the heating device, heat 1s generated.

12. The heating device of claim 11, at least some of said
traces including spurs extending toward adjacent said traces.

13. The heating device of claim 12, at least some of said
spurs including branches therefrom.

14. The heating device of claim 12, said spurs extending
into quadrants between elongated slots forming said cross-
like apertures.

15. The heating device of claim 14, at least some of said
spurs including branches therefrom.

16. The heating device of claim 11, wherein the heating
device 1s configured as a seat heater for an automobile.

17. A heating device for producing heat when connected
to an electrical power source, comprising:

a substrate:
a layer of resistive material;

a plurality of cross-like apertures formed through said
substrate and said resistive material;

a layer of conductive material forming a first buss along
one edge of said substrate and said resistive material, a
second buss formed along an opposite edge of said
substrate and said resistive material, a plurality of first
traces extending from said first buss toward said second
buss and a plurality of second traces extending from
sald second buss toward said first bus, said first and
second traces surrounding at least some of said aper-
tures and arranged alternatingly with each other.

18. The heating device of claim 17, at least some of said
traces including spurs extending therefrom.

19. The heating device of claim 18, said spurs extending
into quadrants of said resistive layer defined adjacent said
cross-like apertures.

20. The heating device of claim 19, at least some of said
spurs including branches therefrom.
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